Type C RNA virus(es) was readily released from primary lymphosarcoma cell cultures of WH/J rabbits after induction with halogenated pyrimidines. The virus contained an RNA-directed DNA polymerase and the p30 structural protein. The rabbit virus RNA-directed DNA polymerase and p30 protein shared antigenic homologies with other mammalian type C oncornaviruses but appear to also possess unique antigenic determinants. Normal rabbit liver contained DNA homologous to a 3H-labeled complementary DNA transcript of the rabbit viral genome, indicating that type C viral genetic information is present in at least the WH/J strain of rabbits.
Type C RNA virus(es) was readily released from primary lymphosarcoma cell cultures of WH/J rabbits after induction with halogenated pyrimidines. The virus contained an RNA-directed DNA polymerase and the p30 structural protein. The rabbit virus RNA-directed DNA polymerase and p30 protein shared antigenic homologies with other mammalian type C oncornaviruses but appear to also possess unique antigenic determinants. Normal rabbit liver contained DNA homologous to a 3H-labeled complementary DNA transcript of the rabbit viral genome, indicating that type C viral genetic information is present in at least the WH/J strain of rabbits.
Type C RNA viruses have been isolated from tissues and cell lines of several different species (8, 14, 20) . Cells of many species have also been shown to contain type C viral information which is not readily expressed. Activation of these repressed genomes resulting in virus expression can occur spontaneously or may be induced by chemical or physical means (12, 17, 20, 26) . Because type C RNA viruses have been implicated in the cause of lympho-hematopoietic tumors, extensive attempts have been made to isolate infectious type C viruses from species in which these disorders occur. Recent evidence has shown that type C viral information (p30 and RNA-directed DNA polymerase [RDDP]), but not complete infectious virus, is present in tumors from a strain of rabbit (WH/J) which develops spontaneous lymphosarcomas (4, 10, 11) . We now present data on the release, at low frequency, of type C RNA virus(es) from lymphosarcoma cell cultures treated with the halogenated pyrimidine 5'-iodo-2'-deoxyuridine (IdUrd). The induced rabbit virus shares antigenic determinants with other known mammalian type C RNA viruses, and proviral genetic information resides in the host genome.
MATERIALS AND METHODS Culture conditions and cells. Normal and lymphosarcomatous rabbit tissues were established in cultures as previously described (4). Cells were maintained in Eagle minimum essential medium with 2 mM L-glutamine, 10% heat-inactivated (56°C for 30 min) fetal bovine serum; and antibiotics (100 U of penicillin per ml and 100 ,ug of streptomycin per ml). All cultures were maintained in plastic culturing flasks (Costar, Cambridge, Mass.); subculturing was performed with a 0.05% trypsin-EDTA solution (0.7 mM EDTA, 0.14 M NaCl, 5 mM KCI, 0.02 M Tris-hydrochloride [pH 7.4], 0.0005% phenol red, and 0.05% trypsin).
Cells from spleen, pararenal lymph node, kidney, or bone marrow were cocultivated with cells from heterologous species either directly or after one passage in culture as described (5, 15). The sources and origin of the host cell lines used were: CCL-64 (mink lung), CL 1-1 (mink lung S+L-), and SC-1 (wild mouse embryo) cells were kindly supplied by Janet Hartley (National Institutes of Health, Bethesda, Md.); RD (human rhabdomyosarcoma) and SIRC (rabbit cornea) cell lines were obtained from Wade Parks (Meloy Laboratories, Springfield, Va.); FFc6OWF (fetal cat) was from the Naval Biological Research Laboratory; and H-NRK (normal rat kidney, Harvey-transformed nonproducer cell line) was supplied by J. Levy 0.14% Triton X-100; and virus. The reaction was terminated after 2 h of incubation at 370C, and the [3H]cDNA was purified as described previously (9) .
Hybridization of rabbit viral cDNA to cellular DNA or RNA was carried out at 680C for 72 h. The reaction mixture contained 0.01 M Tris-hydrochloride (pH 7.4), 0.7 M NaCl, 2 mM EDTA, 0.05% sodium dodecyl sulfate, 3 mg of cellular DNA per ml, and approximately 1,000 cpm of viral cDNA. Unhybridized [3H]-DNA was digested by the SI nuclease method (6, 9).
Electron microscopy. Tissue culture monolayers were scraped and fixed in 3% glutaraldehyde in 0.1 M Cacodylate buffer, pH 7.2, and then postfixed in 1% osmic acid. Postfixation was followed by dehydration in an ethanol-propylene series, and tissues were then embedded in a mixture of Epon-Araldite (19) . Ultrathin sections were cut on a Porter Blum I microtome, placed on uncoated 200-mesh copper grids, and stained with uranyl acetate and lead citrate. Stained sections were examined for type C particles with a Hitachi HU-11C electron microscope.
RESULTS
Cultures established from lymphosarcoma tissues appeared morphologically different and multiplied to a higher saturation density than those from respective normal tissues. Aggregates of rounded, highly refractile cells (reticulum cells) appeared in association with normal-appearing fibroblasts in lymphosarcoma cultures. Cultures established from tissues of nonaffected WH/J rabbits did not show the described alterations.
Because viral markers (RDDP and p30) were shown to be present in tumor tissues (4), attempts were made to induce a type C RNA virus from the lymphosarcoma cultures with IdUrd. Culture fluids were collected daily for 14 days and assayed for RDDP activity. Such treatment rapidly induced RDDP activity detected in supernatants. Enzyme activity in supernatant fluids reached a maximum between 2 and 3 days after chemical treatment, and by 4 days the level of enzyme activity decreased markedly in most cases (Fig. 1) . Whether the activity remaining at 5 days in the node culture is due to viral RDDP or cellular DNA polymerases able to utilize the template primer poly(rA)n oligo(dT)12.18 is not known. However, in all cases no appreciable enzyme activity was detectable 8 days after induction. No RDDP activity was detected in cultures from normal tissues treated in the same way nor in untreated lymphosarcoma cells. Of the several concentrations of IdUrd used (20 to 400 ,g/ml), maximal induction was obtained with 40 ug/ml. No cytopathic effects were observed in rabbit cells at this concentration. Similar results were obtained when 5'-bromo-2'-deoxyuridine was used in place of IdUrd (data not shown). Particles (94 nm in diameter) budding from the plasma membrane were observed in thin sections of cells from IdUrd-treated cultures 2 to 3 days after induction (Fig. 2) . Budding particles were not seen in noninduced lymphosarcoma cells or in normal tissue propagated in vitro.
Because the induced RDDP activity was transient, lasting at the most 2 to 3 days, reinducibility of RDDP activity in the lymphosarcoma cells by repeated IdUrd treatments was studied. To determine whether the RDDP activity was associated with a putative type C virus, supernatant fluids from cultures with this activity were analyzed biochemically and immunologically. Culture supernatant fluids were centrifuged, and the pelleted material was isopycnically banded in sucrose. RDDP activity was associated with particles that banded at the density (1.17 g/cm3) characteristic of type C RNA viruses (Fig. 3) . The enzyme activity detected was examined further with respect to template primer specificity ( Table 1 ). The virion-associated RDDP showed preference for poly(A),, oligo(dT)12 18 125I-labeled p30's from several type C viruses were tested for the ability of the rabbit virus to compete for antibody prepared against homologous p30's. Table 2 shows the level of immunoprecipitation of rabbit viral p30 with the various antisera. These results suggest that the rabbit To determine whether the rabbit viral information is present in the host genome, singlestranded [3H]DNA prepared by using the endogenous RDDP was annealed to cellular DNA extracted from either cell cultures or rabbit liver. Figure 4 shows that the [3H]cDNA prepared from rabbit viral DNA hybridized to the DNAs extracted from lymphosarcoma cultures as well as from rabbit livers. Saturating levels with DNA extracted from cell cultures were obtained after addition of 0.3 mg of DNA, representing approximately 60% of the input [3H]DNA radioactivity. With DNA from rabbit liver, 45% of the input radioactivity was obtained with 0.5 mg of DNA. In contrast, DNA extracted from mouse liver hybridized to less than 5% with [3H]DNA probe. Thus, both normal rabbit liver DNA and DNA from inducible cultures contain viral sequences. The higher level of hybridization observed with cell culture DNA may be due to amplifcation of preexisting endogenous virogenes. An alternative possibility may be that less-than-saturating levels of cellular DNA were added. Cytoplasmic RNA extracted from rabbit liver resulted in a low level of hybridization (4%) with the rabbit virus [3H]DNA (data not shown) when as much as 1 mg of rabbit cellular RNA was added, indicating that rabbit viral information was not transcribed at detectable levels in the rabbit liver examined.
Several attempts to find cell lines permissive bDetergent-disrupted virions were assayed at twofold serial dilutions for their ability to compete with '25I-labeled p30 of the type C RNA viruses as described (21, 25) . Titers are expressed as the highest serum dilution which binds 20% of the appropriate '25I-labeled p30 protein. (24) . In light of its antigenic relationship to two viruses which are not themselves closely related, the possibility of transspecies infection or formation of a genetically stable recombinant resulting from a double viral infection at some time during evolution still exists. Also, the occurrence of lymphosarcoma in strain WH/J may be due to recombination between an infectious virus and a class of sequences related to a rabbit endogenous virus.
The hybridized results, although preliminary, provide evidence that the virus was not introduced into cell cultures as a contaminant either by medium or by commonly used murine leukemia viruses in our laboratory. Hybridization between rabbit virus DNA and DNA extracted from rabbit liver demonstrated that the rabbit cellular DNA contains nucleotide sequences related to the rabbit virus. In preliminary Cot analyses, approximately 80% of the cDNA hybridized to normal rabbit cellular DNA, and half-maximum hybridization was achieved at a Cot value of 5 x 10-2 mol s/liter, indicating that the virus is endogenous. To prove that the type C particles activated from rabbit cells truly represent an endogenous virus, we need to isolate, characterize, and compare it with other type C viruses as well as cellular. DNAs. Such studies would also aid in resolving the possibility that this virus may represent activation products of a past virus infection, acquired exogenously from an ancestral virus of the same species or of an unknown source (7, 8) . Attempts to resolve these questions are hampered by the lack of sufficient virus. At present our efforts are directed toward finding a cell line which will allow for the replication of the induced virus.
A lack of infectivity has been observed to exist for other type C viruses released spontaneously or induced chemically from certain rat, hamster, and guinea pig cell lines (12, 14, 20, 23 
